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A NEW TYLOSIN RESISTANCE-CONFERRING GENE, DESIGNATED
ELrB, FOR USE IN STREPTOMYCES AND OTHER ORGANISMS

The present invention relates to a tylosin
5 resistance-conferring gene, designated tlxB, recombinant
DNA cloning vectors that comprige the gene, and
'tfansformants containing the tylosin resistance~confer-
ring vectors. Streptomyces fradiae broduces tylosin,
used in veterinary medicine as an animal growth
10 promotant and antibiotic. Tylosin is a macrolide anti-
biotic'¢onsiéting of a l6-member cyclic lactone and
three sugar residues. The antibiotic activity of
tylosin, like other macrolides, is due to inhibition of
brotein synthesis by a mechanism that involves the bind-
15  ing of tylosin to ‘the ribosome. . T

Tylosin resistance—conferring cloning vectors
are uéeful in Streptomyces and other host cells, The
development and exploitation of recombinant DNA technology

 in Streptomyces depends upon the availability of selectable
20  genetic markers on suitable cloning vectors. This
~ development has been somewhat retarded by the low number
of selectable markers bresently available for use in
Streptomyces. The Present invention ig useful and
especially important in that it expands the number of
25 selectable markers suitable for such use.

The vectors of the bresent method are particu-
larly useful, because the vectors are small, versatile,
and can be transformed and selected in g3 variety of
tylosin-sensitive Streptomyces cells. Streptomyces

30 provides over half of the clinically important anti-
biotics and thus is a commercially significant group.
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The present invention provides new and useful cloning
systems and vectors for this. industrially important
group and allows for the cloning of genes both for
increasing the yields of known antibiotics and also for
5 producing new antibiotics and antibiotic derivatives.
The present invention further provides vectors
that enable selection of Streptomyces transformants from
a background of untransformed cells. After the addition
of non-selectable DNA to a vector of the present inven=
10 tion, the modified vector can be transformed into
Streptomyces and. transformants selected by their tyloéin-
resistant phenotype. ‘Becauseltransformation is a
relatively low frequency event, such a functional test
is a practical necessity for determining which cell(s),
15 of among the millions of cells, has acquired the trans-
. forming DNA.

. For purposes of the present invention, as .
disclosed and claimed herein, the following terms are
defined below.

20 ApR - the ampicillin-resistant phenotype or
gene conferring same.
mel - the tyrosinase gene.
Phasmid--a recombinant DNA vector that may act
as a phage or as a plasmid.
25 Recombinant DNA Cloning Vector--any auto-
nomously repliéating or integrating agent, including,
‘but not limited to, plasmids, comprising a DNA molecule
to which one or more additional DNA segments can be or
have been édded.
30 Restriction Fragment--any linear DNA molecule
generated by the action of one or more restriction
enzymes.
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Sensitive Host Cell--a host cell that cannot

grow in the presence of a given antibiotic without a DNA
segment that provides resistance thereto.

TcR -~ the tetracycline-resistant phenotype or
5 gene conferring same. '

tlrA - a tylosin resistance-conferring gene of

type A.
tlrB - a tylosin resistance-conferring gene of
type B.
10 Transformant--a recipient host cell that has

undergone transformation.

Transformation-~the introduction of DNA into a
recipient host cell that changes the genotype and
results in a change in the recipient cell. _ .

15 tsrR - the thiostrepton-resistant phenotype or
gene conferring same. ' .
tyl - a tylosin biosynthetic gene.

Brief Description of the Fiqures

20

The figures described below are drawn to
scale. For some restriction énzymes, such as SaulIIIAl
only the significant cut sites are shown.

7

25 Figure 1 is a restriction site and function map of
plasmid psvBg.
Figure 2 is a restriction site and function map of
plasmid pHJL315. '
Figure 3 is a restriction site and function map of
30 plasmid pSVB25.
Figure 4 is a restriction site and function map of
plasmid pSFH62.
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Figure 5 is a restriction site and function map of
plasmid pSKC13.

Figure 6 is a restriction site and function map of
plasmid pSFH6O. ,

5 Figure 7 is a restriction site and function map of
plasmid pSFH61. _
Figure 8 is a restriction site and ﬁunction map of
plasmid pSVB36. '
Figure 9 is a restriction site and function map of

10 plasmid psSvB2.
. Figure 10 is a restriction site and function map of
plasmid pIJ903.
Figure 11 isla restriction site and function map of
plasmid pSVB40.
15 Figure 12 ‘is a restriction site and function map of
plasmid psSvB47.

The tylosin resistance-conferring gene tlxB is
useful as a selectable marker in many organisms. The

20  tlrB gene can be isolated from plasmid pSVB9 on an
~3.35 kb gglII-gggI restriction fragment; plasmid pSVB9
can be isolated from Streptomyces lividans TK23/pSVB9,

a strain deposited and made part of the permanent cul=-
ture collection of the Agricultural Research Service,

25 Northern Regional Research Center (NRRL), Peoria, IL
61604, under the accession number NRRL 18073. A restric-
tion site and function map of plasmid pSVBY is presented
in Figure 1 of the accompanying drawings. Plasmid pSVB9
can be isolated from S. lividans TK23/pSVB9 in substan-

30 tial accordance with the procedure described in Example 1.

The tlrB gene can also be isolated from plasmid pHJL315,
a plasmid available from the NRRL under the accession

[}
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number NRRL B-18047. A restriction site and function
map of plasmld PHJL315 is presented in Figure 2 of the
accompanylng drawings.
~ Plasmids pSVB9 and pHJL315 serve as useful
5 startlng material for the construction of other vectors
that confer .tlrB-mediated tylosin re51stance For exam-
ple, the ~3.35 kb B Bglli-Sacl, tylosin resistance-confer-
ring restriction fragment of plasmid PSVBY was isolated
and 1nserted into the large BglII-SaclI restriction frag-
10 ment of plasmld p1J702 (ATCC 39155) to yield plasmid
pPSVB25. Plasmid pSVB25 comprises the tlrB gene and
confers tylosin resistance to a variety of organisms, as
more fully described below. The construction protocol
for plasmid pSVB25 is given in Example 2; a’ ‘restriction
15 site and function map of plasmid pSVB25 is presented in
Figure 3 of the accompanying drawings. .
Plasmid pHJL315 serves as useful starting
material for a variety of vectors of the present inven-
tion that contain the tlrB gene. Plasmid pHJL315 was
20 digested with restriction enzyme BglII, and the result-
ing ~5.0 kb BglII restriction fragment that comprises
the tlrB gene was inserted into BamHI-digested plasmid
PHJIL401 to yield plasmids pSFH62 and PSFH63. Plasmid
PHJL401 is disclosed in EP-A-213 779 and ‘
25 Escherichia coli K12 JM109 was transformed with
plasmid pHJL401 and the transformed strain deposited
on 7 May 1987 as NRRL B-18217. Plasmids pSFH62 and
DPSFH63 differ only with respect to the orlentatlon of
the ~ 5.0 kb BgllI restriction fragment; a restriction
30 site and function map of plasmid pSFH62 is bPresented
in Figure 4 of the accompanying drawings. 1In a similar
construction, an ~ 0.2 kb B BglII restriction fragment
adjacent to the ~ 5.0 kb, tlrB- -containing BglIl
restriction fragment on plasmid pHJL315 was inserted
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along with the ~5.0 kb fragment, yielding a total insert
size of ~5.2 kb, into BamHI-digested plasmid pHJL40l to
yield plasmid pSKC13. A restriction site and function
map of plasmid pSKC13 is presented in Figure 5 of the
accompanying drawings. The construction protocol for
plasmids pSFH62, pSFH63, and pSKC13 is presented in
Example 3. ' .
Plasmid pSKC13 was digested with restriction
enzyme KpnI, and the ~3.8 kb, E;;grcontaining Kpnl
restriction fragment was isolated and inserted into
Kpnl-digested plasmid pUCl9 (ATCC 37254) to yield
plasmids pSFH60 and pSFH60.1. The two plasmids differ
only with respect to the orientation of the ~3.8 kb

Kpnl fragment; a restriction site and function map of
plasmid pSFH60 is presented in Figure 6 of the accom-’
panying drawings. The ~3.8 kb, tlrB-containing EcoRI-
giédIII restriction fragment of plasmid pSFH60 was iso-
lated and then inserted into EcoRI-HindIII-digested
plasmid pHJL401 to yield plasmid pSFH61l. A restriction
site and function map of plasmid pSFH61 is presented in
Figure 7 of the accompanying draﬁings. The construction
protocol for plasmids pSFH6O, pSFHGO.l, and pSFH61 is
described in Example 4.

The plasmids of the present invention can be
readily modified by the addition of other DNA to make
even more useful vectors. To illustrate, the tlrA gene
of Streptomyces fradiae, which confers tylosin resistance
and is described in EP-A-176 319, has been added to plasmid
pSVB25 to yield plasmids pSVB36 and pSVB37. Plasmids
pSVB36 and pSVB37-were constructed by inserting the
~2.86 kb, tlrA gene-containing BamHI-BglII restriction
fragment of plasmid pSVB2 (deposited in Streptomyces
lividans TK23 under accession number NRRL 15880) into
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Bglll-digested plasmid pSVB25. The two plasmids differ
only with respect to the orientation of the ~2.86 kb
restriction fragment, and a restriction site and func-
tion map of bPlasmid pSVB36 is presented in Figure 8 of
the accompanylng drawings. The construction protocol
for plasmids pSVB36 and PSVB37 is presented in Example 5.
The ElrB gene has also been used to construct
vectors that have a low copy number in Streptomyces.
The ~3.35 kb, tlrB-containing SstI~BglII restriction
fragment of blasmid pSVB25 was inserted into SstI-BamHI-
digested plasmld PUC1S to yield plasmid pSVB40. Plasmid
DPSVB40 was then digested with restriction enzymes EcoRI
and HindIII, and the ~3.8 kb, tlrB-containing ECORI-

‘HindIII restrlctlon fragment was isolated, purified, and

ligated to EcoRI-HindIII-digested plasmid PIJo03 to
yield plasmid pSVB47. Plasmid pIJ903 was disclosed in
Lydiate et al., 1985, Gene 35: 223-235, and can be ob-
tained from the John Innes Streptomyces Culture Collec-
tion, John Innes Institute, Colney Lane, Norwich, Eng-
land NR4-7UH, under the accession number 3417. Plasmid
pIJS03 has a copy number of about 1 in Streptomyces,
plasmid pSVB47 has a similar copy number. Restriction
site and function maps of plasmids pSVB40 and pSVB47 are
respectively presented in Fidures 11 and 12. The con-
struction protocol for plasmid pSVB47 is presented in
Example 7.

Restriction fragments used to construct
vectors illustrative of the present invention can be
conventionally modified to facilitate ligation. For

example, molecular linkers -can be provided to a particu-

lar tylosin resistance gene-containing restriction frag-
ment or to DNA comprising vector replication or integra-
tion functions. Thus, specific sites for subsequent

-,
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ligation can be conveniently constructed. In addition,
the various tylosin resistance gene-containing restric-
tion fragments, origin of replication, or integration
sequences of a given vector can be modified by adding,
eliminating, or substituting certain nucleotides to
alter characteristics and to provide a variety of
restriction sites for ligation of DNA. Those skilled in
the art understand nucleotide chemistry and the genetic
code and thus which nucleotides are interchangeable and
which DNA modifications are desirable for a specific
purpose. It is also noteworthy that a given tylosin
resistance gene-containing restriction fragment is not
limited to a particular position on a cloning vector, as
long as critical, vector-controlled functions are not
disrupted. Those skilled in the art understand or can
readily determine which sites on a vector are advanta-
geous for the ligation or insertion of a particular
tylosin resistance gene-containing restriction fragment.
The tlrB gene was isolated from a tylosin-
producing strain of Streptomyces fradiae. Thus,
genomic DNA of S. fradiae was partially digested with
restriction enzyme SaulIIlAl, and the resulting DNA was
inserted into BglII-digested plasmid pIJ702 to yield a
number of tlrB-containing plasmids, including plasmid
pSVB9. In a similar fashion, genomic DNA from the same

' strain of S. fradiae was partially digested with restric-

tion enzyme MboI, and the resulting MboI-digested DNA

- was cloned into the BamHI site of plasmid pKC462A, a

plasmid available from the NRRL under the accession
number NRRL B-15973. The insert was excised on an ECORI
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restriction’fragment and cloned into plasmid PHJIL401

to yield plasmid PHJL315. Because the tlrB gene was

isolated from S. fradiae, the tlrB gene functions in

S. fradiae, but the unmodified gene also functions in
other organisms.

o The vectors of the present invention have also
been used to transform Streptomyces lividans to tylosin
resistance, as described in Example 6. Thus, the tlxrB .
gene can be used to transform a variety of Streptomyces
strains to tylosin resistance. However, the tlrB gene
does not confer high-level tylosin resistance to S.
griseofuscus, thus indicating that the promoter of the
LlrB gene may not efficiently function in all host cells.

" However, plasmids pSVB9 and pHJL315 contain
the complete tlrB gene: (1) a promoter that directs

transcription of the protein-coding sequence; (2) a
sequence that, when transcribed into mRNA, directs

translation of the transcript; (3) a protein-coding
sequence; and (4) a transcription terminator. Each of
these elements is independently useful and can, through
the.techniques of recombinant DNA technology, be used to
form recombinant genes of great variety. DNA sequencing
of the ~3.35 kb BglII-SstI restriction fragment of
plasmid pSVBY9 will reveal the precise location of the
tlrB coding sequence and thus allow one to position
other promoters in reading phase with the tlrB coding
Sequence. By choosing the proper promoter, one can
construct vectors that drive expression of the tlxrB gene
product in any given host cell. The pPromoter of the
tlrB gene is useful in its own right. The promoter and
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other regulatory elements of the tlrB gene can be linked.
to the coding sequence of a non-tylosin antibiotic
biosynthetic gene to prepare a hybrid gene that might
function in Streptomyces fradiae to yield a hybrid
antibiotic. Thus, the individual elements of the gene

on the plasmids described herein comprise important
components of the present invention.

Although the above-described vectors comprise
the Streptomyces replicon derived either from plasmid
pIJ702, pIJ903, or pHJL40l, a variety of known Strepto-
myces replicons can be used to construct equally useful
vectors with different host ranges. Table 1 is an illus-
trative, but not comprehensive, listing of Streptomyces
plasmids from which Strebtomyces replicons can be ob-
tained. Those skilled in the art recognize that, so
long as the-replicon function is not disrupted, all or
part of the plasmids may be used to construct vectors
that contain the tlrB gene of the present invention.

The plasmid-containing host and depository accessioh
number are also listed in Table 1.




X~6728 =1l~

10

15

20

25

30

0251510

Table 1.

Streptomyces Plasmids

. Accession
Plasmid Host Number

SCP2  Streptomyces coelicolor A3(2) NRRL 15042
SCp2* Streptomyces coelicolor M110 NRRL 15041
PEL7 Streptomyces ambofaciens/pEL7 NRRL 12523

puce Streptomyces espinosus NRRL 11439
pUC3 ~ sStreptomyces 30222 NRRL 11441
SLP1 -Streptomyces lividans NCIB* 11417
PNM100 Streptomyces virginiae NRRL 15156
PEL103 Streptomyces granuloruber ,

- A399 12.13/pEL103 . NRRL 12549
PIJ702 Streptomyces lividans ATCC** 39155

- ,
National Collection of Industrial Bacteria (NCIB),
Torry Research Station, Post Office Box 31,
135 Abbey Road, Aberdeen AB98DG, Scotland,

United Kingdom.
**American Type Culture Collection, Rockville,

MD 20852. :

Of course, the tlrB gene can be used to con-

struct vectors other than plasmids. Phage @C31 is a
well-known Streptomyces phage that is an excellent
source of starting material for constructing integrative
tylosin resistance-conferring vectors that further exem-
plify the present invention. A derivative of phage @c31,
phasmid pKc331, is especially preferred for constructing
such integrating vectors and can be obtained from E.
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coli K12 BE447/pKC331 (NRRL B-15828). @C3l-type phages
are integrative vectors and can be readily modified to
incorporate the tlrB gene and thus confer tylosin
resistance to Streptomyces.

5 The vectors of the present invention comprise
a Streptomyces replicon and a tylosin resistance-confer-
ring restriction fragment. Because amplification and
manipulation of plasmids is done faster and more effi-
ciently in E. coli than in Streptomyces, it is conven-

10 ient to add DNA sequences that also-allow for replication
in E. coli. Thus, the addition of functional replicon-
containing and antibiotic resistance-conferring restric-
tion fragments from E. coli plasmids such as, for
example, pBR322, pACYC184, pBR325, pBR328, and the like

15 is highly advantageous and adds to the general utility of

‘ the present illustrative vectors. '

The vectors used in the présent method confer’
tylosin resistance to tylosin-sensitive Streptomyces or
related host cells. Although 10 pg/ml of tylosin is

20 generally toxic to tylosin-sensitive Streptomyces,
vectors of the present invention confer resistance to
levels approaching 10 mg/ml of tylosin. The preferred
tylosin concentration for purposes of selection, however,
is about 500 pg/ml for Streptomyces lividans. The pre-

25 ferred tylosin concentration for purposes of selection

for other tylosin-sensitive microorganisms is readily
determined by procedures well-known in the art and de-
pends upon the promoter used to drive expression of the
tlrB gene and the organism's sensitivity to tylosin.
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The tlrB gene confers resistance to tylosin
and may confer resistance to other antibiotics. Inducible
resistance to macrolide antibiotics, such as tylosin and.
erythromycin in Gram-positive bacteria (such as
Staphylococcus, Stfeptomyces, Streptococcus, and
Bacillus), is associated with co-resistance to lincosamide
and streptogramin-type B antibiotics; this mﬁlti-drug—'
resistant phenotype is called the MLS-resistant phenotype
(Fujisawa and Weisblum, 1981, J. Bacteriol. 146:621-631).
In Staphylococcus aureus, the MLS-resistant phenotype
arises upon specific methylation of an adenine residue
in 23s ribosomal RNA (rRNA) resulting in the formation
of Né-dimethyladenine. A number of Streptomyces species,
most of which produce MLS-antibiotics, exXpress the
MLS-resistant Phenotype. The rRNA from thesé species
contains Ne-monomethyladenine, Né-dimethyladenine, or
both. MLS-resistance in Streptomyces erythreus, an
erythromycin producer, arises upon N€-dimethylation
of a single adenine residue in 238 rRNA. Thompson
et al. cloned a S. erythreus gene that conferred
erythromycin resistance in S. lividans via a mechanism
that generated Né-dimethyladenine in 235 rRNA. It is
highly likely and expected that the tlrB gene confers
the MLS-resistant phenotype.
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Streptomyces lividans TK23 is sensitive to
tylosin at the concentrations (~500 pg/ml) used for
selection of transformants containing the tlrBE gene.
The TK23 strain does seem to possess an endogenous
MLS~-resistance~-conferring capability, however. In
preliminary experiments, TK23 was sensitive to low
levels ($25 pg/ml) of tylosin, but pre-exposure to
1 pg/ml of tylosin induced resistance to tylosin at
concentrations up to 100 pyg/ml. The endogenous MLS
system, however, is apparently incapable of conferring
resistance to tylosin at levels used to select the
cloned tlrB gene. | . '

The recombinant DNA cloning vectors of the
presernt invention have broad utility and help fill the
need for suitable cloning vehicles for use in Strepto- .
myces and related organisms. Moreover, the ability of
the present_vectors'to confer tylosin resistance pro-
vides a functional means for selecting transformants.
This is important because of the practical necessity for
determining and selecting the particular cells that have
acquired vector DNA in a transformation procedure.

Additional DNA segments, that lack functional
tests for their presence, can also be inserted into the

present vectors, and transformants containing the non-
selectable DNA can be isolated by selection for tylosin
resistance. Such non-selectable DNA segments can be
inserted at any site, except within regions necessary
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for plasmid function and repllcatlon or within the tlrB -
gene, and include, but are not limited to, genes that
specify antibiotic modification enzymes and regulatory
genes of all types.

Mbre particularly, a non-selectable DNA seg-
ment that comprises a gehe is inserted into a plasmid
such as, for example, plasmid pSVBY9 at the central Clal -
restrlctlon site of the thiostrepton resistance gene.,
Such an 1nsertlon inactivates the thlostrepton resis-
tance gene and thus allows for the easy identification
of transformants containing the recombinant plasmid.
This is done by first selecting for tylosin resistance
and, secondarily, identifying those tylosin-resistant
transformants that are not resistant to thiostrepton.
Therefore, the ability to select fof tylosin resis-

- tance in Streptomyces and related cells allows for the

efficient isolation of the extremely rare cells that
contain the particular non-selectable DNA of interest.
The functional test for tylosin resistance,

described above, is also used to locate DNA segments

that act as control elements and direct expression of an
individual antibiotic resistance gene. Such segments,
including, but not limited to, promoters, attenuators,
repressors, inducers, ribosome-binding sites, and the
like, are used to control the expression of other genes
in Streptomyces and related organisms.

The tylosin resistance-conferring vectors of
the present invention are also useful for ensuring that
linked DNA segments are stably maintained in host cells
over many generations. These genes or DNA fragments,
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covalently linked to the tylosin resistance-conferring
DNA and propagated in Streptomyces, are maintained by
exposing the transformants to levels of tylosin toxic to
non-transformed cells. Therefore, transformants that
5 "lose the vector, and consequently lose any covalentiy

linked DNA, cannot grow and are eliminated from the
culture. Thus, the vectors of the present invention can
stabilize and maintain any DNA sequence of interest.

The cloning vectors and transformants of the

10 present invention provide for the cloning of genes to
improve yields of various products that are currently
produced in Streptomyces and related ‘cells. Examples of
such products include, but are not limited to, Strepto-
mycin, Tylosin, Cephalosporins, Actaplanin, Narasin,

15 Monensin, Tobramycin, Erythromycin, and the like. The
present invention also provides selectable vectors that
are useful for cloning, characterizing, and reconstruct-
ing DNA sequences that code for: commercially important
proteins such as, for example, human insulin, human

20 proinsulin, glucagon, interferon and the like; enzymatic
functions in metabolic pathways leading to commercially
important processes and compounds; or control elements
that improve gene expression. These desired DNA se-
quences also include, but are-not limited to, DNA that

25 codes for enzymes that catalyze synthesis of derivatized

‘antibiotics such as, for example, Streptomycin, Cephalo-

sporin, Tylosin, Actaplanin, Narasin, Monensin and

Erythromycin derivatives, or for enzymes that mediate

and increase bioproduction of antibiotics or other

30 products. The capability for isolating and using such
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DNA segments allows for increasing the Yield and avail-

ability of antibiotics that are produced by Streptomyces
and related organisms.

Streptomyces can be cultured in a number of
ways using any of several different media. Preferred
carbohydrate sources in a culture medium include{ for
example, molassés, glucose, dextrin, and glycerol.
Nitrogen sources include, for example, soy fldur, amino’
acid mixtures, and peptones. Nutrient inorganic salts
are also incorporated and include the customéry salts
capable of yielding sodium, potassium, ammonium, calcium,
phosphate, chloride, sulfate, and like ions. Aas is
nNecessary for the growth and development of other micro-
organisms, essential trace elements are. also added.

Such trace element's are commonly supplied as impurities
incidental to the addition of other constituents of the

. medium.

Streptomyces is grown under aerobic culture
conditions over a relatively wide PH range of abdut.s to
9 at temperatures ranging from about 15° to 40°C. For
Plasmid stability and maintenance, it is desirable to
start with a culture medium at a pH of about 7.2 and
maintain a culture temperature of about 30°cC. .

The following examples further illustrate and
describe the invention disclosed herein. The invention
is not limited in scope by reason of any of the follow-
ing Examples; sources of reagents or equipment are pro-
vided merely for convenience and in no way limit the
invention. Both an explanation of and the actual pProce-

dures for constructing the invention are described where
appropriate. ’
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Example 1

Isolation of Plasmid pSVB9Y

5 A. Culture of Streptomyces lividans TK23/pSVB9

About 108 spores of Streptoniyces lividans

TK23/pSVB9 (NRRL 18073) were inoculated into 10 ml of
TSB medium (Trypticase Soy Broth¥*) containing 10 pg/ml

10 thiostrepton. and grown at 29°C until the culture was in
early stationary phase. The culture was then homogen-
ized, and 5 ml of the homogenized culture were used to
inoculate 100 ml of TSB also containing thiostrepton.
The 100 ml of culture were incubated at 29°C until the

15 Streptomyces lividansg TK23/pSVB9 cells reached sta-
tionary phase.

*pSB is made at 30 g/l and is obtained from:
Bethesda Research Laboratories (BRL), Inc., 8717
20 Grovemont Circle, P.O. Box 577, Gaithersburg,
: Maryland 20760. ,

B. Plasmid Isolation

25 The cells were collected and washed once with
a 10.3% sucrose solution. The cells were then suspended
in 24 ml of 10.3% sucrose, and 6 ml of 5X lysozyme solu-
tion (125 mM Tris-HCl, pH=8; 125 mM Na,EDTA, pH=8;

10 mg/ml lysozyme; and 10.3% sucrose) were added. The

30 solution was mixed and then incubated at 30°C for 30-60
minutes, and then, about 18 ml of a solution that was
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0.3 M NaOH, 1% SDS, and prewarmed to 50°C were added,
mixed and the resulting mixture incubated at 80°C for 10
minutes. The mixture was then cooled to room tempera-
ture, and 12 ml of a solution made by mixing 500 g
phenol, 500 g CHC13, and 0.5 g 8-hydroxyqu1nollne in

200 ml H O were added and mixed well with the cell-
extract. The phases were separated by centrifugation at
6000-8000 rpm for 10 minutes; approximately 45 ml of

the resulting upper phase were transferred to a clean
bottle. ]

Next, 4.5 ml of 3 M NaOAc and 50 ml of iso-
propanol were added to the supernatant, and the solution
was mixed and left at room temperature for 30 minutes.
The solution was then centrifuged (8000 rpm for 30
minutes) and the resulting supernatant discarded. The
pellet was resuspended in 7.5 ml TE buffer (10 mM
Tris-HC1l, pH=8, and 1 mM EDTA) containing 8 g of CsCl.
About 0.5 ml of a 10 mg/ml solution of ethidium bromide
was added to the solution, which was then centrifuged
at 40,000 rpm for 48 hours at 20°C. The fraction con-
taining the plasmid band was extracted 3-5 times with
isopropanol saturated with TE buffer and CsCl to remove
the ethidium bromide. After the extractions, the sample
was diluted with four volumes of TE buffer, and then,
two-and-one-half volumes of ethanol were added. The
resulting solution was mixed and 1ncubated overnlght at
=20°cC. :

The precipitate resulting from the overnight
incubation at -20°C was collected by centrifugation
(10,000 rpm for 30 minutes), dried, and iepreCipitated




0251510

X-6728 -20~-

10

20

25

30

twice. The precipitations were done by suspending the
pellet in TE buffer, adding NaOAc to 0.3 M, adding 2.5
volumes ethanol, chilling at -70°C for 10-15 minutes,
and then centrifuging the solution as above. The proce-
dure yields about 100 pg of plasmid pSVB9 DNA, which was
suspended in TE buffer at a concentration of 1 pg/ul and
stored at 4°C. ' '

‘ Example 2

Construction of Plasmid pSVB25

Streptomyces lividans/pIJ702 (ATCC 39155) was
cultured and plasmid plJ702 isclated in substantial.
accordance with the teaching of Example 1.  Thiostrepton
selection (10 pg/ml) was used to ensure plasmid pIJ702
maintenancg;»:The ~100 pg of plasmid pIJ702 DNA obtained
were'suspendea'in 1 ml of TE and stored at 4°C.

About 500 ng (5 pl) of plasmid pIJ702 DNA were
added to 2 pl of 10X Sacl buffer (60 mM Tris-HCl, pH=7.4;
60 mM MgClz; §0'mM 2—mercaptoethanbl; and 1 mg/ml bovine
serum albumin_(ESA)), 12 pl of Hzo,rand 1.5 pl (~15
units; unit definitions herein correspond to those of
New England Biolabs, 32 Tozer Road, Beverly; MA
01915-9990, unless otherwise indicated) of restriction

enzyme Sacl, an isoschizomer of restriction enzyme SstI.
The resulting reaction was incubated at 37°C for one
hour, when about 3 pl of the reaction mixture were re-

" moved and sﬁbjected to agarose gel—electrophoresis to
-determine completeness of digestion. About 4 pl of 10X
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BglII buffer (1.0 M NaCl; 100 mM Tris-HC1, PH=7.4; 100 mM
MgClz; 100 mM 2-mercaptoethanol; and 1 mg/ml BSA), 16 pl
of HZO’ and 2 pl (~16 units) of restriction enzyme BglIl
were added to the solution of SacI-digested plasmid
pIJ702 DNA, and the resulting reaction was incubated at
37°C for 1 hour. About 6 Ml of the reaction mixture
were removed to check completeness of digestion. Then, -
the SacI-BglII-digested DNA was collected by adjusting
the sodium acetate (NaOAc) concentration of the reac-
tion mixture to 0.30 M, adding two volumes of ethanol,
chilling the reaction mixture to -70°C, and centrifuging
to pellet the precipitated DNA. The pellet of BglIl-
§ggI-digested plasmid pIJ702 DNA was resuspended in
100 yl of 50 mM Tris~HCl, pH=8.0. About 1 Ml of a 1:100
dilution calf-intestinal alkaline phosphatase
(Boehringer-Mannheim) in 50 mmM Tris-HCl, pH=8, was added
to the solution of DNA, and the resulting reaction was
incubated at 37°C for 30 minutes. The reaction was
terminated by incubating the reaction mixture at 70°c
for one hour.

About 625 ng of plasmid pSVB9 DNA in 25 pl
of TE buffer were added to 6 Ml of 10X Sacl buffer,
26 pl of H,0, and 2 pl (~20 units) of restriction enzyme
Sacl, and the resulting reaction was incubated at 37°C
for one hour. About 3 pl of 1 M Nacl and 2 pl of re-
striction enzyme Clal were then added to the reaction -
mixture, which was incubated at 37°C for another hour.
The ClaI-digestion lowers the frequency of undesired
ligation products during the ligation to construct
plasmid pSVB25. About 8 pl of the reaction mixture were
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subjected to agarose gel electrophoresis to check com-
pleteness of the digestions, and 1 pl of 1 M NaCl and
1 pl (~8 units) of restriction ehzyme Bglll were added
to the remaining solution of g;gl-gggl—digestéd DNA;

5 the reaction mixture was incubated for another hour at
37°C. About 8 pl of the reaction mixture were removed
to check the completeness of the BglIIl digestion.

About 77 pl of the BglII-SacI-digested,
alkaline phosphatase-treated plasmid pIJ702 DNA were
10 added to 32 pl of the gglII-gggl-glgl-digested plasmid
"pSVBY DNA, 11 pl of 3 M sodium acetate (NaOAc), and
300 pl of absolute ethanol. The solution was mixed,
chilled at =70°C for 30 minutes, and then centrifuged
to pellet the DNA. The DNA was resuspended in 12 pl of
15 1X ligase buffer (50 mM Tris-HCI, pH=7.8; 10 mM MgCl,;
20 mM dithiothreitol (DTT); 1.0 mM ATP; and 50 pg/ml
~BSA). About 1 pl (~1 unit, Boehringer-Mannheim) of T4
DNA ligase was added to the solution of DNA, and the
resulting ?eaction'was incubated at 15°C overnight (~16
20 hours). The ligated DNA constituted the desired plasmid
pSVB25 DNA. A restriction site and function map of
plasmid pSVB25 is presented in Figure 3 of the accompany-
ing drawings. The ligated DNA was used to transform
Streptomyces lividans TK23 as described in Example 6,
25 below. S. lividans TK23/plJ702 transformants were dis-
tinguished from S. lividans TK23/pSVB25 transformants
by the color of the colonies on the transformation

plates. Plasmid pIJ702 carries an intact tyrosinase
gene; thus S. lividans TK23/pI1J702 transformants are
30 black on tYrosine-containing plateé. The tyrosinase
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gene 1s inactivated during the construction of plasmid

- pSVB25; consequently, 8. lividans TK23/psvB25 trans-

formants are not black on tyrosine-containing plates.

Example 3

Construction of Plasmids pSFH62, PSFH63, and pSKC13

Plasmid DNA was obtained from E. coli K12
HB101/pHJL315 to use in the construction of plasmids
PSFH62, pSFH63, and pSKC13 in accordance with the fol-
lowing procedure, which is adapted from Maniatis et al.,
1982, Molecular Cloning (Cold Spfing Harbor Laboratory).

~ This same procedure was used, but on a smaller scale and
- with the ultracentrifugation steps replaced with phenol

followed by chloroform extractions, to prepare the
plasmid DNA used to identify the various E. coli
transformants of the present invention. :

About 500 ml of stationary-phase E. coli K12
JM109/pHJL315 cells are harvested by centrifugation at
4000Xg for 10 minutes at 4°C, and the supernatant is
discarded. The cell pellet is washed in 100 ml of
ice~-cold STE buffer (0.1 M NaCl; 10 mM Tris-HC1, PH 7.8;
and 1 mM EDTA). After the cell pellet is washed, the
pellet is resuspended in 10 ml of Solution 1 (50 mM
glucose; 25 mM Tris-HCl, pH=8.0; and 10 mM- EDTA) that
contains 5 mg/ml'lysozyme and is left at room tempera-
ture for 10 minutes. Twenty ml of Solution 2 (0.2 N
NaCH and. 1% SDS) are then added to the lysozyme-treated
cells, and the solution is gently mixed by inversion.
The mixture is incubated on ice for 10 minutes.
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Fifteen ml of ice-cold, 5 M potassium acetate,
pH=4.8, are added to the lysed-cell mixture, and the
solution is mixed by inversion. The solution is incu-
bated on ice for 10 minutes. The 5 M potassium acetate

5 solution is prepared by adding 11.5 ml of glacial acetic
acid to 28.5 ml of water and 60 ml of 5 M potassium
acetate; the resulting solution is 3 M with respect to
potassium and 5 M with respect to acetate.

The lysed cell mixture is centrifuged in a

10 Beckman SW27 rotor (or its equivalent) at 20,000 rpm for
20 minutes at 4°C. The cell DNA and debris forms a
pellet on the bottom of the tube. About 36 ml of
supernatant are recovered, and 0.6 volumes of isopro-
panol are added, mixed, and the resulting solution left

15 at room temperature for 15 minutes. The plasmid DNA is
collected by centrifugation at 12,000Xg for 30 minutes
at room temperature. The supernatant is discarded, and
the DNA pellet is washed with 70% ethanol at room.
temperature; The ethanol wash is decanted, and the

20 pellet is dried in a vacuum desiccator. The pellet is

' then resuspended in 8 ml of TE buffer.

Eight grams of CsCl are added to the DNA solu-
tion. About 0.8 ml of a 10 mg/ml solution of ethidium
bromide in water are added for each 10 ml of CsCl-DNA

25 solution. The final density of the solution is about
1.55 g/ml, and the ethidium bromide concentration is
about 600 ug/ml. The solution is transferred to a
Beckman Tyée 50 centrifuge tube, filled to the top with
paraffin 0il, sealed, and centrifuged at 45,000 rpm for

30 24 hours at 20°c.' After_centrifugation, two bands of
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DNA are visible in ordinary light. The cap is removed
from the tube, and the lower DNA band is recovered using
a syringe with a #21 hypodermic needle inserted through
the side of the centrifuge tube.

The ethidium bromide is removed from the solu~
tion of plasmid DNA by several extractions with water-
saturated l-butanol and the CsCl is removed by dialysis
against TE buffer. After extractions with buffered
phenol and then chloroform, the DNA is precipitated,
washed with 70% ethanol, and dried. About 1 mg of
plasmid pHJL315 DNA was obtained and dissolved in 10 ml
of TE buffer.

About 5 ug of plasmid pHJL315 in 5 pul of TE
buffer were added to 2 pl of 10X BglII buffer (1.0 M
NaCl; 100 mM Tris-HCl, pH=7.4; 100 mM MgCl,; 100 mM
2-mercaptoethanol; and 1 mg/ml BSA), 12 pl of H O and
1 pl (~10 units) of restriction enzyme BglII. The
resulting reaction was incubated at 37°C for 2 hours.

The BglII-digested plasmid pHJL315 DNA was
then electrophoresed on a 17 agarose gel until the de-
sired ~5.0 kb B BglII restriction fragment was clearly
separated from the other digestion products. Visualiza-
tion of the electrophoresed DNA was accomplished by
staining the gel in a dilute solution (0.5 pg/ml) of
ethidium bromide and exposing the stained gel to long-
wave UV light. After the desired fragment was located,
a small slit was made in the gel in front of the frag-
ment, and a small piece of Schleicher and Schuell (Keene,
NH 03431) NA-45 DEAE membrane was placed in the slit.
Upon further electrophoresis, the ~5.0 kb BglII restric-
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tion fragment was non-covalently bound to the DEAE mem=-
brane. After the desired fragment was bound to the DEAE .
membrane, the membrane was removed and rinsed with low
galt buffer (100 mM KCl; 0.1 mM EDTA; and 20 mM Tris-HC1,
pE=8). Next, the membrane was placed in a small ‘tube
and immersed in high salt buffer (1 M NaCl 0.1 mM EDTA;
and 20 mM Tris=-HC1, pH=8) and then incubated at 65°C for
one hour to remove the DNA from the DEAE paper. After
the 65°C incubation, the incubation buffer was collected
and the membrane rinsed with high salt buffer. The '
rinse solution was pooled with the incubation buffer
before collecting the desired DNA fragments.

The .volume of the high salt-DNA solution was

. adjusted so that the NaCl concentration was 0.25 M, and

then three volumes of cold, absolute ethancl were added.
The resulting solution was mixed and placed at =70°C for
10-20 minutes., The solution was chilled and centrifuged

- at 15,000 rpm for 15 minutes. After another precipita-

tion to remove residual salt, the DNA pellet was rinsed
with ethanol, dried, resuspended in 20 ul of TE buffer,
and constltuted ~1.0 pg of the desired ~5.0 kb Bglll
restrlctlon fragment of plasmid pHJL315. The purified
fragment was dissolved in 2 pl of TE buffer and stored
at -20°C. ' '

Plasmid pHJL401 is a Streptomyces cloning
vector disclosed and claimed in U.S. Patent Application
S.N. 841,920, attorney docket No. X~6786A, filed Maxrch 20,
1986, 1ncorporated herein by reference. The construc-
tion protocol for plasmid pHJL40l is described in Exam-

‘ple 14 of S.N. 841,920. About 1 pg of plasmid pHJL401
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DNA in one pl of TE buffer was added to 1 pl of 10X
BamHI buffer (1.5 M NaCl; 60 mM Tris-HC1, PH=7.9; 60 mM
MgClz; and 1 mg/ml BSA), 1 ul (v10 units) of restriction
enzyme gggHI, and 7 pl of H,0. The resulting reaction
5 was incubated at 37°C for about 2 hours. Then, 100 pl
of 50 mM Tris-HCl, pH=8 were added to the solution of
BamHI-digested plasmid PHJIL401 DNA together with 1 pul of
a2 1:100 dilution of calf-intestinal alkaline phosphatase
(Boehringer-Mannheim Biochemicals, 7941 Castleway Dr.,
10 "P.0. Box 50816, Indianapolis, IN 46250), and the reac-
tion mixture was again placed at 37°C for 30 minutes.
About 34 pl of the BamHI-digested, phosphatase
treated plasmid pHJL401 DNA were added to 1 pl of the
solution of the ~5.0 kb B BglII restriction fragment of
15 plasmid pHJL315. The mixture of DNA was precipitated
with NaCl and ethanol as descrlbed above, and the pellet
was resuspended in 10 pl of 1X ligase buffer (50 mM
Tris-HCl, pH=7.8; 10 mM MgClz, 5 mM dithiothreitol; 5%
glycerol; and 0.15 mM ATP) containing 6 unlts of T4 DNA
20 ligase (Boehringer~-Mannheim). The ligation reactlon was
incubated at 4°cC overnight (~16 hours) and constituted
the desired plasmids PSFH62 and pSFH63. A restriction
site and function map of plasmid pSFH62 is presented in
Figure 4 of the accompanying draw1ngs, and plasmid
25 PSFH63 differs from plasmid PSFH62 only with respect to
the orientation of the ~5.0 kb B BglIIl restriction frag-
ment. The ligated DNA was used to transform E. coli

K12 JM109 in substantial accordance with the procedure
descrlbed below.
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To prepare E. coli K12 JM109 cells that are
‘competent for transformation, the lyophils of E. coli
K12 JM109 obtained from the ATCC under the accession
number ATCC 53323 are reconstituted to isolate single
5 colonies. One single-colony isolate of JM109 is inocu-
lated into 5 ml of L broth (10 g of Bacto-tryptone, 10 g '
of NaCl, and 5 g of Bacto-Yeast Extract per liter) that
contains 10 mM MgSO, and 10 mM MgCl,, and the culture
is incubated at 37°C overnight with aeration. Fifty pl
10 of the overnight culture were used to inoculate 5 ml of
L broth that contained 10 mM MgSO, and 10 mM MgCl,. The
culture was incubated at 37°C overnight with aeration.
The following morning, the culture was diluted to 200 ml
with L broth that contained 10 mM MgSO, and 10 mM MgCl,.
15 The @iluted culture was incubated at 37°C with aeration
until the absorbance at 550 nm (Asso) was about 0.5,

. which indicated a cell density.of about 1 x 10% cells/ml.
The culture was cooled for ten minutes in an ice-water
bath, and the cells were then collected by centrifuga-

20 tion at 4000Xg for 10 minutes at 4°C. The cell pellet
was resuspended in 100 ml of cold 10 mM NaCl and then
immediately repelleted by centrifugation. The cell
pellet was résuspended in 100 ml of 30 mM CaCl, and
incubated on ice for 20 minutes.

25 The cells were again collected by centrifuga-
tion and resuspended in 10 ml of 30 mM CaClp. A one-

' half ml aliquot of the cells was added to the ligated

- DNA prepared above; the DNA had been made 30 mM in
CaCl,. The cell-DNA mixture was incubated on ice for

30 one hour, heat;shocked at 42°C for 90 seconds, and
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then chilled on ice for about two minutes. The cell~DNA
mixture was diluted into 10 ml of L broth in a 125 ml
flask and incubated at 37°C for one hour.

The BamHI site on plasmid pHJIL40l resides
within a polylinker that itself forms part of the DNA
sequence encoding the lacZ o-fragment. Expression of
the lacZ a-fragment in an E. coli AM15, or similar type,
mutant, such as JM109, restores the mutant's ability to
produce a functional B~galactosidase enzyme. Thus,
plasmid pHJL401 can restore B-galactosidase activity
to an E. coli AM15 mutant. However, insertion of DNA
into a restriction site of the polylinker on plasmid
PHJL401, as occurs in the construction of plasmid pSFH62,
disrupts the lacZ o-fragment coding sequence and con-
comitantly destroys the ability of the pHJL401 deriva-
tive to complement a AM15- -type mutation. B-galactosidase
can hydrolyze X-Gal, which is 5-bromo-4~-chloro-3-indolyl-
B-D-galactopyranoside, a colorless compound, to an
indigo-colored product and thus allows for a convenient
screening method for discriminating between transformants
containing starting plasmid pHJL401 or modified plasmid,
such as pSKC13, pSFH62, and pPSFH63. Thus, aliquots of
the transformation mixture were plated on L-agar (L-broth
with 15 grams per liter agar) plates containing 100 pg

‘ampicillin/ml, 40 pyg X-gal/ml, and 40 vg IPTG/ml. IPTG

serves to induce the lac promoter present on plasmid
PHJL401. The plates were incubated at 37°C overnight.
Colonies that contain a plasmid with an insert, such as
E. coli K12 JM109/pSFH62, are white. Several ampicillin-
resistant, white colonies were selected and then screened
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by restriction analysis of their plasmid DNA for the
presence of the ~5.0 kb BglIl restriction fragment
containing tlrB. In this manner, the desired E. coli
K12 JM109/pSFH62 and E. coli K12 JM109/pSFH63 trans-
formants were 'identified and isolated.

Plasmid pSKCl3 was constructed by a procedure
similar to that used for plasmids pSFH62 and pSFH63. ’
However, in the construction of plasmid pSKC1l3, the
BglIl digestion to isolate the ~5.0 kb tylB-containing
restriction fragment did not go to completion. Instead,
the ~0.2 kb BgllI restriction fragment adjacent to the
~5.0 kb BglII restriction fragment on plasmid pHJL315
was inserted along with the ~5.0 kb fragment into BamHI-
digested plasmid pHJL401 to yield plasmid'pSKC13. The
ligated DNA was used to transform E. coli K12 JM109 in
substantial accordance with the procedure described
above, and the E. coli K12 JM109/pSKC13 transformants
were identified by their ampicillin-resistant phenotype
and by restriction enzyme analysis of their plasmid DNA.
A restriction site and function map of plasmid pSKC13
is presented in Figure 5 of the accompanying drawings.

Example 4

Construction of Plasmids pSFH60, pSFH60.1, and pSFH61

A. Construcfion of Plasmids pSFH60 and pSFH60.1l

About 1 pg of plasmid pUC1l9 (ATCC 37254) in
1 pl of TE buffer was added to 2 ul of 10X Kpnl buffer
(60 mM NaCl; 60 mM Tris-HCl, pH=7.5; 60 mM MgClz; 10 mM
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DTT; and 1 mg/ml BSA), 1 pl (~10 units) of restriction
enzyme KpnI, and 16 pl of H,0. The reaction was incu-
bated at 37°C for 2 hours and terminated by incubation
of the reaction mixture at 70°C for 10 minutes.

About 5 pug of plasmid pSKC13 in 5 Hl of TE
buffer were added to 2 pl of 10X K Kpnl buffer, 1 pl (~10
unlts) of restrlctlon enzyme Kpnl, and 12 pl of H 0, and
the resultlng reaction was incubated at 37°C for about 2
hours. The reaction was terminated by incubating the
reaction mixture at 70°C for 10 minutes. The reaction
mixture was then loaded onto a 1) agarose gel and sub-
jected to electrophoresis until the ~3.8 kb tlrB-contain-
ing restriction fragment was well separated from the
other digestion products. About 1 pug of the ~3.8 kb,
tlrB-containing Kpnl restriction fragment was isolated
from the gel and purified in substantial accordance with
the procedure of Example 3.

About 0.5 pg of the ~3.8 kb, ter-contalnlng .
Kpnl restriction fragment and ~0.1 pg of the K KpnI-digested
plasmid pUC19 DNA were mixed together, precipitated with
ethanol and NaCl, and resuspended in 10 Ml of 1X ligase
buffer containing ~6 units of T4 DNA ligase (Boehringer-
Mannheim). The ligation reaction was incubated at 4°cC
overnight (~16 hours); the ligated DNA constituted the
desired plasmids pSFH60 and pSFH60.1, which differ from
one another only with respect to the orientation of the
~3.8 kb Kpnl restriction fragment. A restriction site
and function map of plasmid pSFH60 is presented in
Figure 6 of the accompanying drawings.
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The ligated DNA was used to transform E. coli
K12 JM109 in substantial accordance with the procedure
of Example 3. Plasmid pUCl9, like plasmid pHJL401,
encodes the lacZ a-fragment, and the single Kpnl site
on plasmid pUC1l9 is located within the lacZ a~-fragment-
encoding DNA. Consequently, the transformed cells were
plated on L agar containing ampicillin, X-Gal, and 1PTG.
The plasmid DNA of the colorless ("white"), ampicillin-
resistant transformants was subjected to restriction

.enzyme analysis to identify the desired E. coli K12

JM109/pSFH60 and E. coli K12 JM109/pSFH60.1 trans-
formants. Plasmid pSFH60 DNA was prepared from the

E. coli K12 JM109/pSFH60 transformants for use in the
construction of plasmid pSFH61 in substantial accordance
with the procedure described in Example 3. '

B. COnstrudtion of Plasmid pSFH61.

About 5 pg of plasmid pSFH60 DNA in 5 pl of TE
buffer were added to 2 pul of 10X HindIII buffer (0.5 M
NaCl; 0.5 M Tris-HC1l, pH=8; 0.1 M MgClZ; and 1 mg/ml BSA),
1 ul (~20 units) of restriction enzyme HindIII, and

- 12 pl of H,0, and the resulting reaction was incubated

at 37°C for 2 hours. The HindIII-digested plasmid
pSFH60 DNA was then precipitated with ethanol and NaCl
and resuspended in 17 pl of H20. About 2 upl of 10X
EcoRI buffer (1 M Tris-HC1l, pH=7.5; 0.5 M NaCl; 50 mM
MgClz;'and 1 mg/ml BSA) and 1 ul (~20 units) of restric-
tion enzyme EcoRI were added to the solution of HindIII-
digested plasmid pSFH60 DNA, and the resulting reaction
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was incubated at 37°C for two hours. The EcORI-HindIII-
digested plasmid pSFH60 DNA was loaded onto an agarose
gel and subjected to electrophoresis until the ~3.8 kb,
tlrB-containing restriction fragment was separated from
5 the other digestion products. The ~3.8 kb fragment was
isolated from the gel and purified in substantial
accordance with the procedure of Example 3; about 1 ug
of the fragment was obtained. _
About 1 pg of plasmid pHJL40l1l was digested
10 with restriction enzymes EcoRI and HindIII as described
above. The digestions were terminated by incubating '
the reaction mixture at 70°C. About 0.1 pg of the
EcoRI-HindIlI-digested plasmid pHJL401 DNA was mixed
with about 0.5 pg of the ~3.8 kb EcoRI-HindIII restric-
15 tion fragment of plasmid pSFH60, and then, the DNA was
' precipitated with ethanol and NaCl. The DNA was resus-
pended in 10 pl of 1X ligase buffer containing 6 units
of T4 DNA ligase (Boehringer-Mannheim), and the result-
ing reaction was incubated at 4°C overnight (~16 hours).
20 The ligated DNA constituted the desired
plasmid pSFH61 and was used to transform E. coli K12
JM109 in substantial accordance with the procedure of
Example 3. The ampicillin-resistant transformants that
failed to hydrolyze X-Gal were subjected to restriction
25 enzyme analysis of their plasmid DNA to identify the
desired E. coli K12 JM109/pSFH61 transformants. A
restriction site and function map of plasmid pSFH61 is
presented in Figure 7 of the accompanying drawings.
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Example 5

Construction of Plasmids pSVB36 and pSVB37

Streptomyces lividans TK23/pSVB2 (NRRL 15880)
was cultured and treated in substantial acceordance with
the procedure of Example 1 to isolate plasmid pSVB2
DNA. A restriction site and function map of plasmid

pSVB2 is presented in Figure 9 of the accompanying
drawings. About 500 hg of plasmid pSVB2 DNA in 5 pl
of TE buffer were added to 12 pl of HZO' 2 pl of 10X
Clal buffer (0.5 M NaCl; 60 mM Tris-HCl, pH=7.9; 60 mM
MgClz, and 1 mg/ml BSA), and 2 pl (»14 ynits) of re-
striction enzyme Clal, and the resulting reaction was
incubated at 37° for one hour. The Clal digestion
reduces undesired ligation products in the ligation to
produce plasmids pSVB36 and pSVB37.

About 1 pl of 1 M NaCl and 1 pl (~8 units) of
restriction enzyme Bglll were added to the solution of
Clal-digested plasmld pSVB2 DNA, and the reaction was
incubated at 37°C for another hour. About 5 pl of the
reaction mikture were removed and subjected to agarose
gel electrophoresis to determine completeness of
digestion. About 4 ul of 10X BamHI buffer (1.5 M NaCl-
60 mM Tris-HCl, pH=7.9; 60 mM MgClz, and 1 mg/ml BSA),
19 pl of H,0, and 2 pl (~48 uhits) of restriction enzyme

BamHI were added to the remalnlng ~17 pl of BglII-Clal~-

digested plasmid pSVB2 DNA, and the reaction mixture
was incubated at 37°C for one hour.
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About 500 ng of plasmid psSVB25 DNA (prepared
from Streptomyces lividans TK23/psSVB25 cells in substan-
tial accordance with the procedure described in Example 1,
above). in 5 pl of TE buffer were added to 11 upl of H,0,

2 pl of 10X BglIl buffer, and 2 Ml (~16 units) of
restriction enzyme BglII, and the resulting reaction was
incubated at 37°C for one hour. About 5 pl of the reaction
mixture were subjected to agarose gel electrophoresis to
determine the completeness of the BglIl digestion, and the
remaining BglII-digested plasmid pSVB25 DNA was precipitated
with ethanol and treated with calf-intestinal alkaline
phosphatase in substantial accordance with the procedure

of Example 1.

About 25 pl of the g;gl-gg;II-gggﬂl-digested
plasmid pSVB2 DNA and about 67 pl of the'gg;II-digested,
alkaline phosphatase-treated plasmid pSVB25 DNA were
mixed together with 9.2 vl of 3 M NaOAc and 250 pul of
ethanol. The mixture was chilled at ~70°C for 30 min-
utes and then centrifuged to pellet the DNA. The
pellet was resuspended in 10 pl of 1X ligase buffer that
contained 1 unit of T4 DNA ligase, and the resulting
reaction was incubated at 15°C overnight. The ligated
DNA constituted the desired plasmids pSVB36 and PSVB37.

A restriction site and function map of plasmid PSVB36 is
presented in Figure 8 of the accompanying drawings.
About 5 pl of the ligated DNA were used to transform
Streptomyces lividans TK23, as described in Example 6.
The desired S. lividans TK23/pSVB36 and S. lividans
TK23/pSVB37 transformants were identified by their
tylosin-resistant phenotype and by restriction enzyme
analysis of their plasmid DNA-
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Construction of Tylosin-Resistant Streptomyces

Tividans TK23 Transformants

A. List o;ﬁSolutions

The following solutions are referred to

0251510

throughout the Examples and are presented here for

clarity.
1. P medium (~100 ml):
Ingredient

sucrose

K2804

. Trace element solution

(see #3)
MgClszHZO
, Water
After autoclaving add:
KHZPO4 (0.5%)
CaClz-ZHZO (3.68%)

(N=-tris-(hydroxymethyl)-
methyl-2-aminoethane

sulphonic acid),

- wpEsY buffer, 0.25 M,

pH=7.2

Amount

10.3 ¢
0.025 g
0.2 ml

0.203 g
80 ml

1 ml
10 ml
10 ml
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2. L medium (~100 ml):

Ingredient Amount
Sucrose (10.3%) 100 ml
TES buffer, pH 7.2
5 (0.25 M) 10 ml
Kzso4 (2.5%) 1 ml
Trace element solution ‘
(see #3) : 0.2 ml
KH2P04 (0.5%) 1l ml
10 MgCl2 (2.5 M) 0.1 ml
Ca.Cl2 (0.25 M) . 1 ml
Lysozyme 1 mg/ml

The L medium is filter sterilized after preparation.

15
3. Trace element solution (~1 1):
Ingredient Amount
ZnCl2 40 mg
FeC13-6H20 200 mg
20 CuC12-2H20 10 mg
MnCl,-4H,0 10 mg -
Na,B,0,-10H,0 10 mg
(NH, ) Mo0,, + 4H,0 10 mg
H20 11

25
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R2 Regeneration Medium (v 1 1):

Ingredient
sucrose

KZSO4

Trace element solution

MgCl, - 6H,0

glucose

~L-asparagine-1H,0

casamino acids
Agar
Water

After autoclaving add:

KHZPO4 (0.05 g/100 ml)

cacl, (2.22 g/100 ml)

TES Buffer (5.73 g/100 ml,

pH = 7.2)
NaOH (5 N)

T medium (~14.5 ml):

Ingredient

Sucrose ‘10.3%)

Distilled water

Trace element solution
O,

KZSO4 (2.5%)

CaCl2 (5 M)

Tris-maleic acid, pH=8 (1 M)
Polyethylene glycol 1000

Amount

103 ¢
0.25 g
2 ml
10.12 g
10 g

2.0 g

0.1 g
22 g

to 700 ml

100 ml
100 ml

100 ml
1 ml

Amount’

2.5 ml

7.5 ml
20 pl
100 pl
217 pl
543 pl

3.63 g

0251510
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All components were sterilized before use.
The liquid components were mixed and then added to the
appropriate amount of molten polyethylene glycol The
first four 1ngred1ents may be pre-mlxed and stored at
room temperature for at least one month,

6. Soft nutrient agar (SNA, ~1 1):

Ingredient " Amount
Difco Bacto Nutrient Broth 8 g
Agar , o 5 g

7. R2YE medium is R2 medium with 20 ml of 25% yeast
extract added per liter.

8. Yeast Extract - Malt Extract (YEME, ~1 1l):

Ingredient = - Amount
Yeast extract = 3 g
Peptone ' : 5¢g
Malt extract B 3 g
Glucose 10 g

9. YEME + 34% Sucrose Liquid Complete Medium is YEME
with 340 g/liter of sucrose.

10. YMX Media (~1 1):

Ingredient Amount
Yeast extract | 3 g
Malt extract 3 g
Glucose 2 g

Agar 20 g
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B. Preparation and Storage of Protoplasts

The procedure described in this Example was
used to construct and analyze Streptomyces lividans TK23
5 transformants. Plasmids pSVB9, pSVB25, pSVB36, pSVB37,
PSFH61, pSVB47, pSFH62, pSFH63, and pSKC13 were each
'separately and independently used as the transforming DNA.
Streptomyces lividans TK23 (NRRL 15826) were
grown for 40-48 hours at 30°C in YEME + 34% sucrose,

10 5 mM MgClz, and 0.5% glycine. The mycelium was recovered
by centrifugation (800Xg for 10 minutes in a bench top
centrifuge) and washed twice in 10.3% sucrose. The
mycelium from 25-50 ml of culture was suspended in
'3-4 ml of L medium and incubated for 1 hour at 32°C.

15 During this interval the suspension was pipetted up and
down once or twice to disperse clumps. Five ml of
P medium were added, and the suspension was then fil-
tered through a plug of cotton wool. The protoplasts
were recovered by centrifugation (800Xg for 10 minutes)

20 and washed twice with 5 ml of P medium. The protoplasts
were then suspended in 4 ml of P medium and the number
of protoplasts determined miéroscopically using a
hemacytometer slide. If the protoplasts are not to be
used immediately, the suspension can be divided into

25  aliquots (about 1 ml) containing 5 x 10° - 10%°
plasts in sterile polypropylene screw-cap tubes. The

proto-

suspensions were frozen slowly by placing the tubes in a
container of ice, which was in turn placed at -70°C.
" The protoplasts were stored at this temperature until
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needed. The frozen suspension was thawed rapidly by
immersion in a 37°C water bath prior to use.

C. Protoplast Transformation

Approximately 5 x 10° protoplasts were pel-
leted-by centrifugation (800Xg for 10 mgnutes). The
supernatant was decanted and the protopiasts‘were re-
suspended in the small volume of liquid' remaining in
the tube. Plasmid DNA in a volume not greater than
20 pl in TE buffer was added, followed immediately by
the addition of 0.5 ml of T medium. The mixture was
pipetted up and down once or twice to mix the contents.
At this point the suspension was either plated directly
or diluted with 0.5 ml of P medium and then plated. 1In
either case, about 0.1 ml was inoculated per plate of
R2YE medium.

Tylosin-resistant transformants were selected
by replica-plating regenerated protoplasts to R2YE

medium containing 500 pg/ml of tylosin. Alternatively,

tylosin-resistant transformants can be selected by
overlaying the regenerating protoplasts with soft nutri-
ent broth agar containing tylosin. The regeneration
plates are incubated for 16-22 hours at 30°C before the
application of 2.5 ml per plate of SNA (at a temperature
of 45-50°C) containing enough tylosin to give a final
concentration of 500 pg/ml after diffusion. Melanin
production, or lack thereof, by transformants carrying
pl1J702 derivatives was detected by incorporating
tyrosine at 750 pg/ml into the SNA overlay; those trans-
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formants possessing an intact tyrosinase gene become
black after growth in the presence of tyrosine.

D. Analysis of Streptomyces lividans Transformants

The transformants are cultured on R2YE agar
supplemented with tylosin (500 pg/ml) to obtain single
colonies. These single colonies areé used to inoculate.

10 ml TSB cultures also containing thiostrepton (20 pg/ml).
The cultures are homogenized and then grown overnight at
30°C in a rotary shaker. 7

Plasmid isolation for analy51s is done by a
small-scale version of the protocol of Example 1; the
CsCl gradlents of Example 1 are replaced by ethanol-
prec1p1tat10ns. The mycelium is collected by centrlfu-

-gation, washed tw1ce with 10.3% sucrose and then sus-

pended in 1-2 ml of 10.3% sucrose. Four hundred pl of
the cell mixture are transferred to a small tube, and
100 pl of 5X Lysozyme solution (Example 1) are added.
The suspension is incubated at 30°C for 30-60 minutes,

 followed by the addition and mixing of 300 pl of 0.3 M

NaOH containing 1% SDS. The latter solution is kept at
50°C before its addition to the cell mix. The cell
mixture is placed at 80°C for 10 minutes, cooled to room
temperature, and then extracted with 200 pl of
phenol:CHcl3 (50:50); The aqueous phase is transferred
to a clean tube, made 0.3 M in NaOAc, and then one
volume of isopropanol is added. The DNA is incubated at

. room temperature for five minutes and then pelleted by

centrifugation. The pellet is dissolved in 400 pl of TE
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buffer and made 0.3 M in NaOAc. About 2.5 volumes of
ethanol are added, and the mixture is incubated at =-70°C
for 30 minutes. After centrifugation and another pre-
cipitation, the plasmid DNA is suspended in 50 Hl of TE
buffer. Restriction enzyme cutting and electrophoretic

analysis of the reaction products are used to determine
plasmid structure.

Example 7

Construction of Plasmid pSVB47

A. Construction of Plasmid pSVB40

About 1.2 pg of plasmid pUC19 DNA in 4 pl of

TE buffer were added to 2 pl of 10X Sacl buffer (60 mM

Tris-HCl, pH=7.4; 60 mM MgClz; 60 mM 2-mercaptoethanol;
and 100 mg/ml BSA), 1 pl (~10 units) of restriction
enzyme SacI, and 13 pl of Hzo' The resulting reaction
was incubated at 37°C for 1 hour. About 6 pl of 10X
BglII buffer, 2 pl (~20 units) of restriction enzyme
BgllI, and 32 pl of H,0 were added to the solution of
SacIl-digested plasmid pUC19 DNA, and the reaction was
placed at 37°C for another hour.

About 1 pg of plasmid pSVB25 DNA in 10 pl of
TE buffer was added to 2 pl of 10X SaclI buffer, 1 pl
(~10 units) of restriction enzyme Sacl, and 7 pl of
H,0, and the fesulting reaction was incubated at 37°C
fo; 1 hour. About 6 pyl of 10X BglII buffer, 2 pl (~20
units) of restriction enzyme BglII, and 32 pl of H,0
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were added to the solution of SacI-digested plasmid
pSVB25 DNA, and the resulting reaction was incubated
at 37°C for 1 hour. S 7

~ About 150 ng (~7.5 ul) of SacIi-Bglll-digested
plasmid pUC19 and 375 ng (~22 pl) of SacI-BgllI-digested
plasmid pSVB25 were mixed together and precipitated with
NaCl and ethanol. The DNA was resuspénded in 5 pul of
1X ligase buffer containing 3 units of T4 DNA ligase
(Boehringer-Mannheim), and the resulting reaction was
incubated at 4°C for about 16 hours. The ligated DNA
constituted the desired plasmid pSVB40; a restriction
site and function map of plasmid pSVB40 is presented in
Figure 11 of the accompanying drawings. The ligated DNA
was used to transform E. coli K12 JM109 in substantial
accordance with the procedure of Example 3. The trahs-

~ formed cells were plated on L agar containing 40 pg/ml

IPTG, 40 pg/ml X-Gal, and 100 pg/ml ampicillin. Non-
indigo-colored colonies were screened by restriction
enzyme analysis to identify the desired E. coli K12
JM109/pSVB40 transformants. Plasmid DNA was obtained
from the E. coli K12 JM109/pSVB40 transformants for

use in the construction of plasmid pSVB47 in substantial
accordance with the procedure described in Example 3.

B. Construction of Plasmid pSVB47

About 1.2 pg of plasmid pIJ903 DNA in 4 pl of
TE buffer were added to 2 pl of 10X HindIII buffer, 1 pl
(~10 units) of restriction enzyme HindIII, and 13 pl of

H,0. The resulting reaction was incubated at 37°C for 1
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hour. About 6 pl of 10X EcoRI buffer, 2 pl (~20 units)
of restriction enzyme EcoRI, and 32 ul of H,0 were added
to the solution of HindIII-digested plasmid pIJ903 DNA,
and the reaction was placed at 37°C for another hour.

' About 1 pg of plasmid pSVB40 DNA in 10 pl of
TE buffer was added to 2 pl of 1ox HindIII buffer, 1 ul
(~10 units) of restriction enzyme HindIII, and 7 pl of
H,0, and the resulting reaction was incubated at 37°C
for 1 hour. About 6 pl of 10X EcoRI buffer, 2 ul (~20
units) of restriction enzyme EcoRI, and 32 pul of H 0
were added to the solution of HindIII-digested plasmld
pSVB40 DNA, and the resulting reaction was 1ncubated
at 37°C for 1 hour.

About 150 ng (~7.5 pl) of HindIII-EcoRI-
digested plasmid pIJ903 and 375 ng (~22 pl) of HindIII-
gggRI-digested plasmid pSVB40 were mixed together and
precipitated with NaCl and ethanol. The DNA was resus-
pended in 5 pl of 1X ligase buffer contéining 3 units
of T4 DNA ligase (Boehringer-Mannheim). The ligated DNA
constituted the desired plasmid pSVB47; a restriction
site and function map of plasmid pSVB47 is presented in
Figure 12 of the accompanying drawings. The ligated DNA
was used to transform Streptomyces lividans in substan-~

“tial accordance with the procedure of Example 6.
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CLAIMS

1. The tlriB gene of Streptomyces fradiae.

2. A constructed DNA comprising the tlrB
gene of Streptomyces fradiae.

3. The DNA of Claim 2 which is the ~3.35 kb
SacI-BglIl restriction fragment of plasmid pSVBS.

4. A recombinant DNA cloning vector which
comprises the tlrB gene of Streptomyces fradiae.

5. The vector of Claim 4 that is a plasmid.

6. The vector of Claim S which is plasmid
pSVB9, pSVB25, pSVB36, pSVB37, pSVB40, pSVB47, pSKC13,
pSFHso pSFH60.1, or pSFH61.

7. A host cell transformed with a
recombinant cloning vector which comprises the tlrB
gene of Streptomyces fradiae. '

8. The host cell of Claim 7 which is

Streptomyces. 7
9. The host cell of Claim 8 which is

Streptomyces fradiae or Streptomyces lividans.

10. The host cell of Claim 9 which is
Streptomyces lividans transformed with plasmid pSVB9Y,
pSVB25, pSVB36, pSVB37, pSVB47, pSFH61, pSFH62, pSFH63,
or pSKC13.

11. ‘The host cell of Claim 7 which is E. coli.

12. The host cell of Claim 11 which is E.
coll ‘K12 JM109 transformed with plasmid pSFH60,
pSFH60.1, pSFH61, pSFH62, pSFH63, pSVB40, or pSKC13.

o wie mimm demetie nfeemare e -
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CLAIMS

l. A process for preparing a recombinant DNA
tylosin resistance-conferring cloning vector,
characterized by ligating the tlrE gene and,
optionally, the tlrA gene of Streptomyces fradiae and a
DNA sequence comprising a Streptomyces replicon.

2. The process of Claim 1, characterized in
that the vector is a plasmid.

3. The process of Claim 2, characterized by
ligating the ~3.35 kb Bglil-Sacl restriction fragment
of plasmid pSVBY or the ~5.0 kb Bglll restriction
fragment of plasmid pHJL315 and the DNA sequence
comprising the Streptomyces replicon.

4. The process of Claim 3, characterized in
that the DNA sequence comprising the Streptomyces
replion is a restriction fragment of plasmid p1J702,
plJ903 or pHJL401l. .

S. The process of Claim 4 for preparing
plasmid pSVB25, characterized by ligating the
Bglll-Sacl restriction fragment of plasmid pl1J702 and
the Bglll-Sacl-Clal digest of plasmid pSVRB9.

6. The process of Claim 4 for preparing
plasmids pSFH62 and pSFH63, characterized by ligating
the ~5.0 kb Bglll restriction fragment of plasmid
PHJL315 and the BamHI digest of plasmid pBEJL401.

7. The process of Claim 4 for preparing
plasmid pSKC13, characterized by ligating the ~5.2 kb
Bglll restriction fragment of plasmid pHJLBlS and the
BamHI digest of plasmid pHJL401l.

8. The process of Claim 4 for preparing
plasmids pSFH60 and pSFH60.1, characterized by ligating
the ~3.8 kb Kpnl restriction fragment of plasmid pSKC13
and the Kpn digest of plasmid pUC19.
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8, The process of Claim 4 for preparing
plasmid pSFH61, characterized by ligating the ~3.8
EcoRI~HindlIl restriction fragment of plasmid pSFH60
and the EcoRI-HindlIl digest of plasmid pHJL40l.

10. The process of Claim 4 for preparing
plasmids pSVB36 and pSVB37, characterized by ligating
the ~2.86 kb BamHI-Bglll restriction fragment of
plasmid pSVB2 and the Bgl II digest of plasmid pSVBéS.

'11. The process of Claim 4 for'preparing
plasmid pSVB40, characterized by ligating the ~3.35 kb
SacI-Bglll restriction fragment of .plasmid pSVB2 and
the Sacl-Bglll digest of plasmid puUC19.

12. The process of Claim 4 for preparing
plasmid pSVB47, characterized by ligating the ~3.8 kb
EcoRI-HindIIl restriction;fragment of plasmid pSVB40
and the EcoRI-HindIIl digest of plasmid plJ903.
- 13. A host cell transformed with a
recombinant DNA cloning vector which comprises the tlrB

- gene of Streptomyces fradiae.

14. The host cell of Claim 13 which is
Streptomyces. ' )

15. The host cell of Claim 14 which is
Streptomyces fradiae or Streptomyces lividans.

16. The host cell of Claim 15 which is
Streptomyces lividans transformed with plasmid pSVB9,
pSVB25, pSVB36, pSVB37, pSVB47, pSFH61, pSFH62, DSFH6E3,
or pSKC13.

17. The host cell of Claim 13 which is E. coli.

18. The host cell of Claim 17 which is E. coli
K12 JM109 transformed with plasmid pSFH60, pSFH60.1,
pSFH61, pSFH62, pSFH63, pSVB40, or pSKCl3.

.
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CLAIMS

1. A process for preparing a recombinant DNA
tylosin resistance-conferring cloning vector,
characterized by ligating the tlrB gene and,
optionally, the tlrA gene of Streptomyces fradiae and a
DNA sequence comprising a Streptomyces replicon.

2. The process of Claim 1, characterized in
that the vector is a plasmid.

3. The process of Claim 2, characterized by
ligating the ~3.35 kb Bglll-Sacl restriction fragment
of plasmid pSVB9 or the ~5.0 kb Bglll restriction
fragment of plasmid pHJL315 and the DNA sequence
comprising the Streptomyces replicon.

4. The process of Claim 3, characterized in
that the DNA sequence comprising the Streptomyces
replion is a restriction fragment of plasmid plJ702,
p1J903 or pHJL401.

5. The process of Claim 4 for preparing
plasmid pSVB25, characterized by ligating the
BglIl-Sacl restriction fragment of plasmid plJ702 and
the Bglll-Sacl-Clal digest of plasmid pSVRS9.

' 6. The process of Claim 4 for preparing

‘plasmids pSFH62 and pSFH63, characterized by ligating

the ~5.0 kb BglIl restriction fragment of plasmid
PHIL315 and the BamHI digest of plasmid pHJL401.

7. The process of Claim 4 for preparing
plasmid pSKC13, characterized by ligating the ~5.2 kb
Bglll restriction fragment of plasmid pHJL315 and the
BamHI digest of plasmid pHJL401.

8. The process of Claim 4 for preparing
plasmids pSFH60 and pSFH60.1, characterized by ligating
the ~3.8 kb Kpnl restriction fragment of plasmid pSKC13
and the Kpn digest of plasmid pUC19.
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7 9. The process of Claim 4 for preparing
plasmid pSFH61, characterized by ligating the ~3.8
EcoRI-HindIII restriction fragment of plasmid pSFH60
and the EcoRI-HindIII digest of plasmid pHJL401l.

10. The process of Claim 4 for preparing
plasmids pSVB36 and pSVB37, characterized by ligating
the ~2.86 kb BamHI-BgllI restriction fragment of
plasmid pSVB2 and the Bgl II digest of plasmid pSVB2S.

11. The process of Claim 4 for preparing
plasmid pSVB40, characterized by ligating the ~3.35 kb
SacI-BgllIl restriction fragment of plasmid pSVB2 and
the SacI-BglIl digest of plasmid pUC19.

12. The process of Claim 4 for preparing
plasmid pSVB47, characterized by ligating the ~3.8 kb
EcoRI-HindIII restriction fragment of plésmid pSVB40
and the EcoRI-Hindl1I digest of plasmid plJs03.

13. A method for preparing Streptomyces host
cells, characterized by adding the DNA of a vector
prepared in accordance with any. of Claims 1 to 12 to a
suspension of Streptomyces protoplasts, regenerating

the protoplasts, and selecting the regenerating or
regenerated transformed cells for tylosin resistance.

14. The method of Claim 12, characterized by
adding the DNA of the vector to a suspension of
Streptomyces lividans protoplasts.

15. The method of Claim 12 or 13,
characterized by selecting tylosin-resistant
transformants by replica-plating regenerated

protoplasts to regeneration medium containing tylosin.

16. The method of Claim 12 or 13,
characterized by selecting tylosin resistant
transformants by overlaying regnerating protoplasts
with nutrient culture medium containing tylosin.
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17. A process for isolating plasmid pSVES,
characterized by lysing Streptomyces lividans
TK23/pSVBS cells and separating the DNA from the
cellular debris by centrifugation.
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